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Abstract 
As a national pillar industry, manufacturing Engineering strongly pushes the economy development of China. This paper, based 
on the improvement of existing enterprise growth evaluation method, establishes the evaluation model of manufacturing SMEs 
growth and verifies its validity. Empirical result from the growth study of 385 manufacturing SMEs listed in China indicates: (1) 
Quality of staff and capital availability contribute positively to the enterprise growth; (2) Enterprises with industrial advantages 
show comparatively high capability to grow; (3) Enterprises with regional development advantages grow faster. 
© 2010 Published by Elsevier Ltd. 
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1. Introducton 
The development level of manufacturing Engineering embodies a nation’s comprehensive strength and 
international competitiveness. Manufacturing SMEs (small and medium size enterprises) in China, which have been 
continuously developing since the 1990s, with growing proportion in economic aggregate and products sold well 
worldwide, are now the major power in pushing China’s economy’s sustainable and rapid development and national 
pillar industry, plays an increasingly important role in economic development process of Chinese market and 
meanwhile, provide the major way to commercialize science and technology achievements and to industrialize 
technological innovation. 
Continual innovation and steady development of Engineering enterprises guarantee and promote the development 
of national economy. SMEs are groups with enormous spirit of innovation and vigour; hence, to the sustainable 
development of Chinese economy and growth of independent innovation capacity, promotions for manufacturing 
SMEs’ rapid-growth and innovation capacity are indispensable. For the relatively late starting and the complicated 
dynamic process, studies about growth evaluation of SMES’ have not yet formed an unified system, making 
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effective evaluation of the growth of manufacturing SMEs in order to facilitate the continual innovation 
development of SMEs significantly important. 
2. Literature Review 
2.1.  Studies on indicator system of growth evaluation 
Donckels and Mlettinen (1997) built up an indicator system, including market share, enterprise capability, fixed 
assets condition, sales, numbers of staff and many other indicators, suitable for evaluating growth of listed SMEs[1]; 
Sleuwaegen and Goeduy (2002) figured out two measure indicators of enterprise growth, enterprise scale and 
establishment duration, from a perspective of enterprise scale[2];Deimar (2003) et al established enterprise growth 
models related to established time, industry affiliation and enterprise scale, respectively, and analyzed the reasons 
for high growth through 19 indicators, such as relative sales growth, absolute sales growth, relative increase in 
employee, absolute increase in employee, earnings growth, scale, time and average of growth rate and so on[3]; 
Gupta and Campanha(2003), based on the normal distribution of competiveness, explored the dynamic growth of 
manufacturing enterprise from various perspectives[4]. Mujing (2005) et al. also established an indicator system for 
evaluating growth, containing operating capability, profitability and growth speed[5]; Li Bozhou (2006) et al. 
analyzed the growth of high-tech SMEs in China and driving factors of growth environment, growth potential and 
competiveness of enterprise, based on the establishment of comprehensive evaluation indicator system of enterprise 
growth, becoming pioneers of this area[6] .  
2.2.  Driving factors of growth 
Slevin and Covin (1990) proved the intimate relationship between enterprise growth and affecting factors of time 
and external environment, through establishing a model, capable of representing vital influencing factors in growth 
process of enterprises[7]. Storey and Tether (1998) regarded manager quality, internal factors and business 
development strategy as important factors in affecting enterprise growth[8]; Canales (2001) put forth two important 
factors of sustainable and rapid development of enterprises’, one is the growth mode, related resource and capability 
of enterprise; the other one is the market or customer of enterprise[9]. Wynarezyk and Waston (2005) carried out 
study and analysis into enterprise growth on 211 British sub-contractors, and empirical result showed positive 
influence of inter-enterprise cooperation on enterprise growth[10]. Penrose (2009), one of the major scholars 
focused on driving factor study of enterprise growth, hold the view that the effective utilization of resources plays a 
vital role in enterprise growth[11]. 
In addition, Kar and Battese (1999)[12], Hitt (2000)[13], Xuqian (2004)[14], Meng Lifeng(2008)[15] et al. 
considered employee quality, industry factors, geographical condition and technological innovation capability, 
which executed significantly impact on enterprise growth, as critical influencing factors as enterprise grew.  
2.3. Growth evaluation methods analysis 
While evaluating enterprise growth, some scholars adopted single evaluation method. Bottazzl (2001) et al. 
carried out growth evaluation on the world largest 500 new types of pharmaceutical enterprises by application of 
clustering methodology [16]; Kakati (2003) adopted clustering methodology only too[17]; Wang Juying (2006) et 
al. went to analytic network process, while evaluating the growth of high-tech SMEs[18]. There also exist scholars, 
who combined mutli-methods, while evaluating enterprise growth, and compared the empirical results from 
different methods; Chen Xiaohong (2006) et al conducted growth evaluation of listed companies in China by 
GRAM and mutation series method, respectively, and compared and analyzed the accuracy of the two empirical 
results[19]; Bai Zuwen (2009) chose principal component analysis method[20]. 
    In general, domestic studies on enterprise growth started quietly late than foreign scholars did. Studies regardless 
at home or abroad mainly focused on the selection of evaluation methods and establishment of evaluation indicator 
system; while the different points stemmed from different research ideas, while evaluating growth, foreign scholars 
emphasized on the driving factors, and domestic scholars were more apt to evaluating growth performance from the 
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financial perspective. Risk factor and technological innovation indicator are seldom concerned in domestic studies. 
The existing growth evaluation models established domestically or abroad are unable to fully reflect the growth 
information of enterprises in China, hence, to which a further and deeper study is necessary.  
3. Growth evaluation model of manufacturing SMEs 
3.1. Establishment of growth indicator system 
    This paper established systematically a set of growth evaluation indicator system (table 1) suitable for 
manufacturing SMEs in China, by application of analysis method. Manufacturing enterprises are the major carrier of 
technology innovation and the key driver of innovative activities. For the media and bridge role manufacturing 
enterprises play in the process of commercializing science and technology achievement and innovation, innovative 
capability is one of significant reflections of enterprise growth. Resistance capability to risk of enterprise, which is 
critical to enterprise’s survival and development, can be applied to measure the condition of enterprise growth, while 
profitability and solvency reflect the business situation and development potential. And profitability, solvency and 
other dimensions reflect the growth condition, capacity to growth and development potential of manufacturing 
SMEs in China. Therefore, evaluation system, consisting of such indicators as profitability, enterprise scale, risk 
resistance capability, solvency, operational capability and ability of development and so on, covering both the 
representation of enterprise growth and driver capability in or outside, is able to present the growth condition, fully 
and systematically, of manufacturing SMEs. The rationality and effectiveness of which will be verified in the 
growth empirical analysis of manufacturing SMEs.  
Table 1.  Growth indicator system 
Dimension Evaluation indicator Dimension Evaluation indicator 
Profitability 
Total assets profit margin 
Operation capability 
Total assets turnover 
Sales margin Inventory turnover  
Return on equity Accounts receivable turnover  
Return on total assets Growth rate of current assets 
Main operating margins Fixed assets turnover 
Solvency 
Current ratio 
Growth Capacity 
Net profit growth  
Quick ratio Total assets growth rate 
Asset-liability ratio Main business revenue growth 
Equity ratio Net assets growth  
Enterprise scale 
Total assets Innovation capability Intangible assets ratio 
Operating income Resistance capability to risk Leverage integrated Number of employees  
3.2. Sstudy on growth valuation methods 
Principal component analysis method is effective and relatively advantageous, while applied by multi-indicator 
comprehensive evaluation; however, it still will fall short when evaluating enterprise growth, e.g. incapable of 
reflecting the quality situation of enterprise growth. Therefore, this paper proposed improved principal component 
analysis method to evaluate the growth of manufacturing SMEs in China. Two parts are included in the evaluation 
matrix built up in this paper; one is the sample data of manufacturing SMEs, the other part is the new added (k+1) 
row vectors, specific details are shown in the analytical matrix (see equation 1). According to original variable 
matrix, this paper adds (k+1) evaluation subjects to original variable matrix, and classifies the growth of 
manufacturing SMEs in China according to those new vectors[21].  
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The specific way of classification is as follows: Through initialization processing, valuation indicators are all 
transformed to positive indicators; The paper constructed growth quality grades of manufacturing SMEs, by setting 
the maximum and minimum values of indicators as two extreme values and dividing the interval into quarters[22] . 
Ordering Dj=(Dj1, Dj2,…,Dj23), (j=n-k,n-k+1,...,n-k+4), denotes the new added 5 vectors, and the way of taking 
extreme value for every indicator is as followings: (1) Calculate both the maximum and minimum value for every 
evaluation indicator, then construct the total distribution interval of growth quality of the sample enterprise; (2) 
Divide the difference between the maximum and minimum value of every indicator into quarters, and then get the 
endpoint values for every indicator, the following is the calculating process: 
Dn-k,i=Xmaxi,     (i=1,2,…,23)                                                                                                                                  (2) 
d=(Xmaxi - Xmini)/4,     (i=1,2,…,23)                                                                                                                      (3)       
Dji=Dj-1,i - d ,    (j=n-k,n-k+1,...,n-k+4)                                                                                                               (4) 
Dn-k+4,i=Xmini ,     (i=1,2,…,23)                                                                                                                             (5) 
In these equations, Dji denotes the endpoint value of the ith indicator in the jth interval; Xmaxi, represents the 
maximum value of the ith indicator; Xmini expresses the minimum value of ith indicator. 
After calculation, the five endpoints, Dj will get their corresponding comprehensive scores Fj, (j=n-k,n-k+1,...,n-
k+4), in light of which this paper established growth quality interval, where the excellent interval is(Fn-k, Fn-k+1], 
good interval is (Fn-k+1, Fn-k+2], ordinary interval is (Fn-k+2, Fn-k+3], and the bad interval is (Fn-k+3, Fn-k+4). 
4. Empirical Analysis 
The paper collected data of growth evaluation index of manufacturing SMEs from 2008 to 2009, in the Wind 
information network and the Shenzhen Stock Exchange website. The selected enterprises should meet the following 
three conditions: (1) Time of Enterprises listed need more than two years. (2) The number of employees are not 
more than five thousands, and shall revenue is not exceed $ 500 million. (3) In order to ensure the accuracy of 
evaluation results, the paper excludes these companies of incomplete data. Finally, this paper selected a total of 385 
manufacturing firms listed.  
4.1. Evaluation of model validation 
These test results, which listed in the table 2, showed that the KMO value is 82.3% and Bartlett accompanied 
probability is 0.000, which the principal component analysis can be used to analyze samples data. According to the 
total variance decomposition table, we can learn that there are six characteristic roots, which the values of them 
greater than 1, their cumulative contribution rate more than 82.232%. Therefore, this can take the first six principal 
components instead of the original indicator variables to carry out empirical research. 
Table 2.  Correlations 
   Comprehensive scores PE 
Spearman's rho Comprehensive scores 
Correlation Coefficient 1.000 -.317** 
Sig. (1-tailed) . .000 
N 385 385 
PE Correlation Coefficient -.317** 1.000 
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Sig. (1-tailed) .000 . 
N 385 385 
**. Correlation is significant at the 0.01 level (1-tailed) 
 
Based on the above calculation process, this eventually learned that the manufacturing SMEs rankings. In this 
paper, empirical results have been tested to verify the accuracy of the evaluation result and the validity of the 
evaluation method. These selected manufacturing SMEs are all listed companies, and the correlation between the 
growth comprehensive scores and the PE (price-earnings ratio) is analyzed to test the correct of the model. PE is 
defined the ratio between stock price per share and earnings per share, that is the stock price divided by the stock's 
earnings per share in a study period (usually 12 months). Investors can judge the investment value with the value of 
PE, and PE is a standard when the market to judge the corporate growth. Thus, detecting the correlation between PE 
and growth composite scores, we can determine the accuracy and reasonableness of the model built in the paper. 
The test result is listed in the table 2. From the table we can learn that: the accompanied probability value is 0.000, 
and the correlation coefficient is -0.317. Therefore, there are the relationship between growth composite scores and 
the PE, which shows that the evaluation model is reasonable. 
4.2. Manufacturing SMEs growth driving factors 
4.2.1. Internal driving factors 
(1) Growth quality analysis. Based on the empirical research result, we figure out that the growth speed of 
manufacturing SMEs, in China's, is slow. Table presents the distribution of manufacturing SME growth level. 
Table 3.  Growth Grade Distribution 
Grade Excellent Good Generally Low 
Sample quantity 0 0 5 380 
Sample percent 0% 0% 1.3% 98.7% 
 
From the table 3 we can learn that: the vast majority of the listed manufacturing SMEs in China are experiencing 
the relatively low growth ability, and more than 98% of them locate in the low area and only about 1.3% have a seat 
in the generally area. Overall, the growth ability of manufacturing SMEs in China's is weak. 
(2) Principal components analysis. In this paper, principal component scores graph, the top five companies and 
the last five companies have been drawled, which are shown below. From these diagrams we can learn that: the first 
two principal components showed greater differences than other factors in the impaction on growth. Therefore, this 
article mainly analyzes the first two principal components to study the manufacturing SMEs growth driving factors. 
Innovation and risk-resisting ability indicator is the first factor. According to empirical results, we learn that 
innovation and risk-resisting ability of manufacturing SMEs is poor. 
Profitability indicator is the second factor. After the above analysis, the paper learns that the profitability of the 
manufacturing SMEs is weak. 
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Fig. 1.  (a) principal component scores of the top five SMEs                          Fig. 1.  (b) principal component scores of the top last SMEs 
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4.2.2 External driving factors 
(1) Industry factors. The paper takes industrial advantage as the breakthrough point to study the growth of 
manufacturing SMEs. According to analysis the industry advantage coefficient, we can understand the impaction of 
industrial- advantage in China's manufacturing SMEs growth process. The following figure presents the industry 
advantages coefficient of each industry. 
From the figure 2 we can learn that there are five industries with industrial advantage which industry advantage 
coefficient is greater than 1. Combined with the industry average composite scores, we can find industry with 
industrial advantage has a high composite score. In turn, industry, with industry advantage coefficient less than 1, 
has lower composite score. Based on the above analysis, we can initially conclude that the industry advantage can 
promote the growth of manufacturing SMEs. 
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Fig. 2.  industry advantages coefficient 
(2) The regional location is a major constraining factor in the development of enterprises. When we determine the 
geographic factors impact enterprise growth, the regional advantage coefficient is criteria. Based on regional 
advantages coefficient we can see that manufacturing SMEs in the east does not have a growth advantage while 
manufacturing SMEs of the central region and the western region have regional advantage. In China, the provinces 
with regional advantage Based on these findings, we found that apart from Guangxi, the other nine highest 
composite score provinces all have regional advantage. So, the regional advantages have significant role in 
promoting the growth of SMEs. 
5.  Conclusions and Suggestions 
The growth evaluation model of manufacturing SMEs established through comprehensively investigating and 
system Engineering analyzing influencing factors of enterprise growth and based on the existing evaluation methods 
for enterprise growth can grasp enterprise growth situation fully and accurately, as well facilitate manufacturing 
SMEs’ fast-development and innovation. 
Research pointed out reasons for the relative weak growth capability of manufacturing SMEs in China, as 
follows: (1) Manufacturing SMEs employees own poor quality. (2) The eastern region is a gathering place for the 
manufacturing industry, in china, but in light to the industry structure and the product structure, we can learn that the 
eastern region is still dominated by traditional manufacturing. And manufacturing enterprises of eastern are still 
labour-intensive enterprises, which production costs continue to rise, in recent years. (3) Manufacturing SMEs, with 
features of low levels of credit and small scale, have difficulties in financing, resulting in lacking of operating funds. 
Furthermore, study revealed the inadequacies of manufacturing SEMs in China in terms of innovation capability 
and risk resistance capacity, for which the major reasons lied in two points stated below: first, the manufacturing 
enterprises innovation capability is weak, which enterprises invested less funds in innovation and R&D, enterprises 
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lack the necessary R&D personnel and the necessary technicians to innovation capacity is limited. Secondly, the 
shortage of funds and less liquidity are the common phenomenon in manufacturing SMEs. Therefore, enterprises are 
more difficult to recruit the high-level managers, promoting the rapid growth of business. 
Besides, the less ability to profitability of manufacturing SMEs listed in China is mainly caused by the following 
reasons: (1) Enterprise have small market share and small output, resulting in less influence in the product price and 
the market environment. In most cases, enterprises have become passive recipients when the market changes. (2) 
Ability to obtain market information is very weak, leading to lack of proper basis for decisions when making 
decisions. (3)When small enterprises compete with large enterprises, small ones do not have the strength advantage. 
SMEs can easily become a victim in the unhealthy competition. 
For the purpose of promoting the rapid-growth of manufacturing Engineering SMEs, this paper, based on the 
research conducted by this paper, suggest: (1) In China, manufacturing SMEs need to regularly carry out training 
activities for employees, to improve the level of technology, train staff's sense of innovation and improve the 
innovative capability of staff. (2) Firstly, manufacturing SMEs, where the shortage of R&D expenditure prevails, 
should emphasize the importance of investment in R&D expenditure, and strengthen financial control and resource 
management, to increase capital use efficiency; Secondly, related government departments should actively 
encourage and push forward the construction of system of credit assure of enterprises, and inspire financial 
institutions’ openness to manufacturing SMEs, facilitating manufacturing SMEs.’ way of financing. (3) The same 
industry SMEs of different regions, can be moved to the same region, reducing possibility of the occurrence of 
various obstacles in the process of growing by the power of cluster effect, and ultimately achieve rapid 
development. 
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